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« JOYO ” Start—Up Test Report
Control Rod Vibration (1)

Kenichi Sano*, Hideji Ohtani*,
Toshio Sanda**, Tetsuo Jkegami*#**,

Seiji Tamura* and Hisashi Yamamoto*

Abstract

Neutron flux, control rod ( CR ) load cell signals, CR acoustic signals
and reactivity signal were measured and analyzed to study the effect of CR vi-
bration induced by primary sodium flow during the low power and the power ascen-
sion tests of the Experimental Fast Reactor " Joyo '.

The measured signals were recorded by a multi-channel data recorder under
various operating conditions of primary sodium flow, CR position and reactor power.
Then the recorded signals were analyzed by a spectrum analyzer to obtain their power

spectral density functions ( PSD ), coherence functions and r.m.s. values.

Following characteristics were determined.

(1) Impact sound detected on housing of CR drive mechanism became obvious

as the sodium flow rate reached 100%. Its frequency was about 2Hz.

(2) The auto PSDs of the fluctuation of the measured signals had evident spectra
at about 2Hz. Also the coherence functions between them showed more
significant at about 2Hz.

(3) Ther.m.s. value of'the fluctuation of reactivity signal decreased as a
control rod was withdrawn, The r.m.s. value at 50Mw was about 0.1¢.

* Reactor Technology Section, Experimental Fast Reactor Division, O-arai
Engineering Center, PNC.

**%  Energy Research Laboratory, Hitachi Ltd.
**%*  FBR Development Project, PNC.
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Based on these results, the frequency of CR vibration due to the flow was
about 2Hz. The r.m.s. value of reactivity fluctuation at 50MW mainly caused by

the vibration was about 0.1¢.
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Table 2.1 Specifications for Model 2222B Accelerometer
( According to ANSI and ISA Standards )
DYNAMIC NOTES
CHARGE SENSITIVITY! . .coivvnnan.. 1.4pC/ g, nominal; *Use Endeveo © Mode) 2640, 2680, or 2700

VOLTAGE SENSITIVITYZ ......

+ 1.0pC/g, minimum

MOUNTED RESONANCE FREQUENCY - -

FREQUENCY RESPONSE? ....
TRANSVERSE SENSITIVITY ..

AMPLITUDE LINEARITY, RANGE ----.-

ELECTRICAL
TRANSDUCER CAPACITANCE?

TRANSDUCER RESISTANCE --

INSULATION RESISTANCES ..
INSULATION CAPACITANCES - -

........

........

3.3mV/g, nominal

32000Hz, nominal

5%, 20 to 6000Hz,

ref. 100Hz

5% maximum?

Sensitivity increases approxi-
mately 195 per 200 g, Oto
2000 g°

420pF, nominal at 72 °F
20000M0, minimum, at 72 °F
5000MQ, minimum, at 350 °F
1MQ, minimum, at 100 Vdc
250 pF, nominal

Series_ Charge Amplifiers.

2 With 35 pF replaceabls cable.

#In shock measurements. minimum pulse du-
ration for half sine or triangular pulses should
excead 0.17 ms to aveid exgessive highire
quency ringing. (Sea Endevco Piezoelectric
Accelerometer Manual.)

4 Transverse sensitivity of 32§ maximum is
available on special order.

3 Shocks in the range of 5G0 to 2000g may re-
suit in temporary zero shifts of up to 492
Such shifts will resuit in erronecus data if the
accelerometer is used with integrating cir-
cuits to obtain velcocity or displacemant infor-
mation.

6 Signal ground to mounting surface, dapend:
ing on adhesive used.

¢0—08 TP6NL ONd
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Temperature and frequency response of accelerometer ( model 2222B )
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Table 3.1 Reactor condifion and measured signals
PRIMARY RR1 RR2 S/A NEUTRON
CASE FLOW {POSITION|POSITION| OUTLET FLUX MEASURED
RATE TEMP. CH1 STGNAL
% ) ( mm ) ( mm ) (T (CPS)
NEUTRON
1 350. 0 343.7 236
FLUX
20 ]
He (S/ALOQ]:
2 622. 7 0.0 250 e (S/AL0)
IN—CORE)
CIC( CHY
3 350.0 345.5 237 \
1% 10 EX —CORE)
50
1 622.2 40.0 249 (L3 kW) | opp HOUSING
ACOQUSTIC
5 350. 0 359.3 248 STGNAL
100 {RRI
6 627.7 40.0 248 RR2
*RR : REGULATION ROD

}k CRD : CONTROL ROD DRIVE MECHANISM
*k §/A OUTLET TEMP @ MEAN VALUE OF [(1A1],{2A1],[3A1],(4A1],

(1b1],(2D1],(3D1], AND [4D13],.
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Table 3.2  Control rod positions (20 kW )

Case | Test Number RR1 RR2 SR1 SRz SR3 SR4
i CR— 21 300.0 | UL 577.0 UL UL UL
2 CR— 22 UL 300.0 | 596.9 UL UL UL
3 CR- 23 UL UL 507.8 UL UL 300. 0
1 CR— 24 UL UL 605. 8 UL 300, 0 UL
5 CR— 25 UL UL 599.5 | 300.0 UL UL
6 CR— 26 UL UL 300. 0 UL 632.0 UL
7 CR— 27 UL 245.7 UL UL UL UL
8 CR— 28 UL 350.0 | 513.7 UL UL UL
9 CR— 20 UL 400.2 | 513.7 UL UL 574.0
10 CR— 30 UL 450.1 | 513.7 | 5713 UL 574.0
11 CR— 31 UL 500.0 | 513.7 | 571.3 | 596.9 | 574.0

UL : Upper Limit ( RR1,RR2=700 S8SR1,SR2,8R3,SR4=2900)

primary coolant flow rate : 100%
reactor inlet temperature : 252~ 2557T

reactor outlet temperature . 253 ~2567T

Table 3.3 Control rod positions ( 50 MW )

Case |[Test Number RR1 RR2 SR1 SR2 SR3 SR4
1 50 MW— 1 409. 8 UL UL UL UL UL
2 50 MW - 2 UL 410.9 UL UL UL UL
3 50 MW—3 511.1 511.1 UL UL UL _ UL
4 50 MW — 4 470.0 558. 4 UL UL UL UL

UL : Upper Limit (RR1,RR2=700 SR1,SR2,S8SR3,SR4=2900)

primary coolant flow rate : 100%
reactor inlet temperature ' 360~3617T

reactor outlet temperature ! 420~4237T
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Table 3.4 Measured Signals
Signals 20 kW 50 MW
CRR11] f RR1 )
Control Rod Load Cell (. RR2 )] { RR2 ]
{ Movable 3 LSR4 ]

Neutron Flux

Ché6
Ch7
Chs
Ch9

Reactivity

Reactivity Meter
( Neutron Flux Ch9 )

37A Outlet Sodium Temp. T C Lol
S/A Outlet Sodium Flow Flow Meter (0 ]
L RR2 1 LRR1 ]
Housing Acoustic Signal L SR4 ] { RR2 ]
( Movable ] ’
RMS Converted Housing L RR1 ]
Acoustic Signal { RR2 ]

{ Movable ] : Different Signal

in BEach Case

Case 1 2

11

Control Rod Load
Cell [Movable ]

RR1 |RR2

SR4

SR3

SR2Z

SR1|RR2|RR2|RR2

RR2

RR2

Housing Acoustic

Signal (Movable )

RR1 |RR1

RR1

SR3

SR2

SR1|8R1|8R1|8R1

SR1

SR1




NEUTRON SUPPRESSION BAND PASS SUPPRESSION
—— AMMETER — —
DETECTOR
AMPLIFIER FILTER AMPLIFIER MAGNETIC
—TAPE
DATA
ACOUSTIC PRE DC/AC RECORDER
DETECTOR —AMPLIFIER | | AMPLIFIER
BAND PASS DCrAC
FILTER AMPLIFIER
s P
MAGNETIC SPECTUM
TAPE— CORELLATOR |-
DATA ANALYZER
;. BAND PASS L/
RECORDER R.M.S A AS bersac
CONVERTER FILTER AMPLIFIER
Fig.3.1 BLOCKDIAGRAM OF MEASURING AND ANALYZING SYSTEM

¢0—08 TP6NL ONd
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R.M.S, Converted Signal by the R.M.3. Converter

Fig.3.2



Control Rod Load Cell

Amp .

Neutron Detector (CIC)

Sup.Amp.

Ammeter

Sup.Amp,

Reactivity

Meter
] Band Elimi ti "
Thermo Couple S/7A [(0) Linearizer Fil:g:na en _J Sup.Amp.
1
Flow Meter S7A (0) Flow Meter Sup.Amp.

Accelerometer

Pre.Amp.

Circuit

DCA/AC Amp.

RMS. Conve

Mul ti—

Channel

Daia

Recoder

Fig.3.3 Block Diagram of Measuring Sysfem
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Multi—
Channel
Data

Recorder

DC

Band Pass
Amp.
Filter

Correlator

DC

Band Pass
Amp,
Filter

S pectrum

Analyzer

K=Y

Recorder

Auto Power

Spectral Density

————— — Cross Power Spectral Density

Fig.3.4 Block Diagram of the Frequency Analyzing System

¢0—08 TP6NL ONd
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{ARBIT, UNIT)

VALUE

RMS

107

Fig.4.1

{A) RR1

REACTOR POWER 1.3kW

RR1=350, RR2=350,

50

FLOW RATE (%)

T
100

UNIT)

(ARBIT,

RMS VALUE

1071

(B) RR2

REACTOR POWER 1.3kW

RR1
0——O0 350, ~350

RR2

@ ——@~600, 40

0 50 100

FLOW BATE (%)

Rms values of 0 ~ 1.5kHz component of CRD housing acoustic signal
vs. primary flow rate ; (A ) RR1, (B)RR2
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UNIT)

RMsS VALUE

(ARBIT.

(A) (RR1JIRMS {(B) {RR2)8MS
REACTCR POWER 1.3kW REACTOR POWER 1.3kW
1o i 4
=
—
z
o]
E~
fow)
m
«
o
[2a]
]
L -
107 < -1
. S I
n
=
0
RR1, RR2
Oo——0O 350, ~ 350
331;350' RR2==350 6 —-® ~600, 40
10-2 10—2
{ 1 I I
0 50 100 0 50 100
FLOW RATE (%) FLOW RATE (%)
Fig.4.2 Rms values of 1 ~ 3Hz component of rms converted CRD housing

acoustic signals vs. primary flow rate ; (A ) RR1, (B ) RR2
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(A) 3 He {B) cIC
REACTOR POWER 1.3kW REACTOR POWER 1.3kW
— 1 7 -— 1 i
= [ //ﬁ
=l ; ~
= = - "
=) " <
———a
e E:
—t =
|m na]
= e
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4] =
o =
i} ~
- <
B o107t 107
5] w2
=
=2 =
RR1, RR2 RR1, RRZ
0—O0 350, ~3%0 O——0 350, ~350
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107" ; : 1072 : ,
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FLOW RATE (%) FLOW BATE (%)

Fig.4.3 Rms values of 1 ~ 3Hz component of neutron flux vs. primary flow rate ;
(4)3He, (B)CIC
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Fig.4.4 Auto power spectral densities of [ RR1 ] housing acoustic signal ;
1.3kW, RR1=350mm, RR2=350mm
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Fig.4.5 Auto power spectral densities of [ RR2 ] housing acoustic signal ;
1.3kW, RR1=350mm, RR2=~350mm
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Fig.4.6 Auto power spectral dengitied of [ RR2 ] housing acoustic signal ;

1.3kW, RR1 =~ 600mm, RR2= 40mm
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Fig.4.7 Auto power spectral density of the fluctuation of RMS conventred
[ RR1 ] housing accustic signal
;s RR1=350, RR2=350, 100% flow, 1.3kW
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Fig.4.8 Auto power spectral density of the fluctuation of RMS convenrted

[ RR2 ] housing acoustic signal
; RR1=350, RR2=350, 100% flow, 1.3kW
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APSD(Arbit.Unit)

rig.4.9

8.0x10" \
\\/

1.6% 107

//\/“V\/\f\ A

0 1 2 3 4 5

F requency (Hz )

Auto power spectral density of the fluctuation of RMS converted
[ RR2 ] housing accustic signal
; RR1~600, RR2=40, 100% flow, 1.3kW
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Fig. 4.10 Auto power spectral density of the fluctuation of neutron flux ( 3He )

Fig.4.11

; RR1=350, RR2=350, 100% flow, 1.3kw
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Auto power spectral density of the fluctuation of neutron flux ( CIC ch.9)
; RR1=350, RR2=350, 100%flow, 1.3kW
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Table 5.1 Values of Paramaters
ﬁziétcrn Pattern (1) Pattern (2) Pattern (3) Pattern (4)
#(cm sec? ) 980
m (cm) 110
@, 1.875 3.927 1.875
o, 4.694 7.069 4.694
@y 7.855 10.210 7.855
£ (em ) 940 220 220
E(g/ca’) 1.9 x 10° 1.9 x 10° 1.9 x 10°
I (cm') 27.2 19.2 19.2
e {g/ cm’) 8.0 8.0 8.0
A{cnmt) 9.24 3.86 3.86
Table 5.2 Calculated Results of Natural Frequency of Regulation Rod

Vibration Pattern

The 1st Order Mode

The 2nd Order Mode

The 3rd Order Mode

Frequency Frequency Frequency
Pattern (1) 0.48 Hz
Pattern (2) 0.017 Hz 0.11 He 0.29 Hz
Pattern (3) 1.7 Hz 5.7 He 12,0 Hz
Pattern (4) 0.40 Hz 25 Hz 7.0 He




Table 5.3 - Caleculated and Measured Reactivity Fluctuation ( r.m.s. value ) at 50 MW

{1)
CALCULATION

2
SYNCHRONIZED MODE(l

VIBRATION

RANDOM MODE

VIBRATION

(3

EXPERIMENT

+0.56 ¢

+040¢

+013¢

{1/ RR1 and RRZ Vibrate T"lm Holizontaly
Core Center

(2}

(3)
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Fig. 1 Example of aliasing





